Abstract. Tumor metastasis, the important characteristic of malignant tumors, is closely associated with a series of changes in the expressions of genes and proteins. A novel gene MAG-2, which may have close correlation with lung cancer metastasis, was identified in our laboratory through an approach of suppressed subtractive hybridization using lung cancer cell strains with the same origin but different metastatic potential as models. The relations between MAG-2 gene and aspects of cancer metastasis including invasion, mobility, anchorageindependent growth capability and adherence to ECM, were investigated in our experiment models. MAG-2 gene was proved to be genuine and have mRNA and deduced proteins from itself by methods of expression profile analysis and fluorescence staining. Cytological experiments had demonstrated that hyper-or hypo-expressing of MAG-2 by gene transfection or RNAi leads to significant increase or decrease in the metastatic ability of cancer cells. In addition, CD44, MMP-2 and free calcium ion concentration intracellularly, were proved to be metastasis promoting factors, and found to be regulated by MAG-2 in lung cancer cells, this might be the mechanism of the metastasis promoting function of MAG-2 gene. The positive rate of MAG-2 mRNA was found to be significantly higher in tumor tissue from patients with metastatic lung cancer than tissues from patients with non-metastatic lung cancer. These data suggest that MAG-2 may be a novel causal gene for lung cancer invasion and metastasis.
Introduction
Metastasis is a multistage process, involving cancer cell motility, intravasation, transit in the blood, extravasation and growth at a new site (1) . Many genes were found to be involved in each step of this lethal process of malign tumor (2) . It is well known that cancer is a disease of extreme heterogeneity (3) . Apparently, there are several alternative genetic paths which cells can take en route to forming a primary tumor. Thus, a particular phenotype e.g. metastasis required early in tumorigenesis by an evolving tumor cell can be acquired through the mutation of any one of several alternative growth-controlling genes (4) . That means cancer cells of the same nest may have immense differences in their behavior, such as capability of clone forming, motility and invasion. To identify the causative genes under a certain phenotype would require to decipher the characteristics of the tumor (5, 6) .
Phenotype cloning techniques have the potentials to isolate genes by virtue of their effect alone without requiring prior knowledge of their biochemical function or map position, and to save a great deal of repetitive work involving analysis of multiple markers (7) , the Suppression Subtractive hybridization (SSH) is one of the methods of phenotype cloning with high efficiency (8) . By employing the methods of SSH, two cDNA libraries were acquired in our previous study (9) . The model cells used in the experiments were PLA801C and D, two human giant-cell lung carcinoma cell strains. Both were derived from the same parental cell line PLA801 and have almost the same karyotype except some differences on chromosome 7, 17, 18 and X, and the most apparent diversity of the two sister cell strains comes from the capability of metastasis in vivo, D can form distance metastatic lesions in Xenograft mice while C can not (10) (11) (12) .
After SSH, all the cDNA segments of libraries were spoted as a microarray and hybridized with equally mixed cDNA fluorescence probes from both model cells. It was proved by microarray that the bulks of library fragments (and the homologous mRNA) have different copy numbers between C and D cell strain, which means the corresponding genes to those cDNA segments in libraries have distinct diversity on transcription activity in the two cell strains, and the expressional difference of these genes could contribute to metastatic discrepancy of PLA801D and C cells. The MAG-2 (metastasis associated gene-2) is one of these homologous genes and its transcript was identical with the GenBank recorded sequence BC002420. of MAG-2 in D cell strains was much higher than that in C cell strain, which was reconfirmed by Northern blotting (13) .
In the present study, we investigated the relationship between the metastastic characteristics of lung cancer PLA801 cells and the gene expression of MAG-2. We demonstrated that overexpression of MAG-2 will elevate cell invasion, mobility and the capability of adherence to ECM (extracellular matrix, ECM), whereas those abilities were partly depressed if MAG-2 expression was inhibited. We also demonstrated that MAG-2 could promote the quantity of CD44, enhance the activation of MMP-2 and increase the concentration of intracellular free calcium.
Furthermore, we found that the detection rate of MAG-2 mRNA of patients with proven distant organ metastasis was much higher than that of patients without metastasis lesions. These results suggest that MAG-2 have the function of prometastasis, and the MMP-2, CD44 and calcium are involved in this process of metastasis regulation. These findings are the first to link the novel function-unknown gene with cell invasion and cell-matrix interaction, and will give clues to further exploration of MAG-2.
Material and methods

Cell lines and lung cancer samples.
The human giant-cell lung carcinoma cells PLA801C and D were preserved in our laboratory, HepG2 cells were purchased from ATCC. PLA801 and HepG2 cells were maintained in RPMI-1640 and Dulbecco's modified Eagle's medium (Invitrogen, Carlsbad, CA, USA) respectively, and supplemented with 10% heat-inactivated fetal bovine serum (Hyclone, Logan, UT, USA), 100 U/ml penicillin and 100 μg/ml streptomycin, and incubated in a humidified incubator with 5% CO 2 at 37˚C. All the 24 cases of lung cancer tissues were obtaibed from Sample Bank of Beijing Cancer Hospital, with or without overt distance metastasis. Informed consents were obtained from all the patients enrolled in the Sample Bank.
Immunofluorescent staining. Procedures for physiological localization study of endogenous MAG-2 protein intracellularly were carried out as described previously (14) with slight modification. Briefly, PLA801D seeded on coverslips were rinsed 3 times in phosphate-buffered saline (PBS) and fixed in 4% paraformaldehyde for 15 min, followed by permeabilization in 0.2% Triton X-100 for 15 min. Then, cells were blocked with 1% BSA in PBS and incubated with diluted anti-MAG-2 polyclone antibody, produced in our laboratory by immunized rabbit with synthesized 17-aminoacid polypeptide of MAG-2 (15), at 4˚C overnight, after washing, FITC-linked second antibody (Santa Cruz Biotech, Santa Cruz, CA, USA) was loaded at room temperature for 1 h. Finally, cells were counter dyed by 4',6-diamidino-2-phenylindole (Sigma, St. Louis, MO, USA) and observed under laser scanning confocal microscope (Radiance 2100, Bio-Rad Corporation, Hercules, CA, USA) at the excitation wavelength of 490 nm.
RNA dot hybridization. RNA dot hybridization was performed using multiple tissue expression array 3.0 (Clontech, Mountain View, CA, USA), which is a positively charged nylon membrane spotted with 75 poly A+ RNAs from different human tissues. 32 P radioactive probes were synthesized by Klenow DNA polymerase with the MAG-2 cDNA as template. Hybridization was carried out in 50% formamide, 6X SSC, 0.5% SDS, 5X Danhardt reagent and 100 μg/ml salmon sperm DNA at 42˚C for 16 h, then washed nylon membrane was autoradiographed at -70˚C. The spots on exposed film were scanned and analyzed using Tanon GIS gel imaging system (Bio-Tanon Co., Ltd., Shanghai, P.R. China). Reverse transcriptase-polymerase chain reaction analysis. Total cellular RNA from cell lines or cancer tissues were extracted using TRIzol (Invitrogen) according to the manufacturer's protocol. Total RNA (5 μg) was reverse transcripted using RT-PCR kit (Promega BioSciences, San Luis Obispo, CA, USA) as per the standard protocol and the primers used for PCR were synthesized as follow, MAG-2: forward, 5'-AGAAAACAGCATTGGCCTTG-3', reverse 5'-TGGAGC ATCAGGGGGTTTT-3'; GAPDH: forward 5'-ACCACAGT CCATGCCATCAC-3', reverse 5'-TCCACCACCCTGT TGCTGTA-3'. The DNA were amplified under following conditions: 95˚C for 5 min, 25 cycles at 95˚C for 30 sec, 54˚C for 30 sec and 72˚C for 60 sec, and the final extension at 72˚C for 5 min.
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Anchorage-independent growth assay. Each strain of logarithmic phase cells was trypsinized and dispersed to single cells, and each monoplast suspension was mixed with agarose in a final concentration of 0.35%, respectively. Aliquots of 0.8 ml containing 200 cells and 10% FBS were plated in triplicate on 24-well plates over a base layer of 0.6% agarose. Cells were incubated at 37˚C in 95% air and 5% CO 2 for 14 days. Colonies >75 μm in diameter were counted under a microscope.
Cell-ECM adherence assay. The adhesion of cells to ECM was assayed as follows: 1 to 4 diluted Matrigel (BD Bioscience, San Jose, CA, USA) was coated at quantity of 25 μg/ well onto 24-well plates and left to dry at routine temperature in culture hood. Wells were washed 3 times with PBS and store at 4˚C before use. Cells were collected and resuspended in serum-free RPMI-1640 medium containing 1% bovine serum albumin (Sigma). A total of 1.5x10 4 cells in 500 μl were seeded into each substrate-coated well and plates were incubated for 20, 40, 60 or 80 min at 37˚C in 5% CO 2 . Unattached cells were gently washed away with PBS. The attached cells were suspended and enumerated under microscopy.
Boyden chamber matrigel invasion and mobility assay. The invasive capacity of the cells was determined using a twocompartment Transwell Boyden chamber Matrigel invasion assay (Costar Corning Corporation, Burlington, MA, USA) as described by manipulator guide with slight modification. Briefly, the 8-μm-pore polycarbonate filters were coated with 120 μg basement membrane Matrigel per filter (no Martigel needed for mobility assay), cells in 0.3 ml of medium were added to each upper chamber and placed on top of a lower chamber prefilled with 0.6 ml of serum-free culture supernatant of NIH3T3 cell lines, and then incubated at 37˚C for 36 h (for mobility assay, incubation was for 8 h). After incubation, the medium and/or gel was removed, and the polycarbonate filters with invaded cells were fixed in methyl alcohol at room temperature for 30 min. They were then stained with Giemsa dye, washed, and mounted onto glass slides. The number of cells invaded was examined under a light microscope. Ten fields under a magnification of x100 for invasion or x400 for mobility assay were randomly selected, and the mean number of cells invading was calculated. Experiments were repeated in triplicate wells at least 3 times.
Cell wounding migrating assay. Cells were seeded in 6-well culture plates at a density of 2.5x10 5 cells per well. When cells were ~80% confluent, scratch-wounds were created by scraping the confluent cell monolayer with a sterile pipette tip to make an ~1.0 mm gap. After careful washing to remove detached cells, the cultures were incubated in serumfree medium with fibronectin (Sigma) at concentration of 16 μg/ml for a further 48 h. Wound healing was monitored at different time points with an inverted bright field microscope as described by Ateeq et al (16) . The cell-free area was selected, measured, and quantified using the UTHSCSA ImageTool 3.0 software (an image processing and analysis programmed by researcher of the University of Texas Health Science Center at San Antonio) and calculated as percentage wound healing using the equation: wound healing (%) = [1 -(wound area at Tx hours/wound area at T0)], where the Tx is the respective time point and T0 is the time immediately after wounding. , then using a laser scanning confocal microscope with image acquisition and processing system (Radiance 2100, Bio-Rad Corporation). Fifty to sixty percent confluent cells on coverslips were washed with PBS 3 times and incubated with 10 μM Fluo-3-Am (diluted from a 1.08 mM stock in 20% pluronic acid-dimethylsulfoxide) for 30 min at 37˚C. After dye loading, cells were washed with PBS 3 times. Finally, 0.5 ml PBS was reloaded in each dish and cells were used for analysis under a confocal microscope at the excited wavelength of 488 nm. Five fields under a magnification of x100 were randomly selected, and the mean fluorescence density of ~30 cells was calculated for further statistical analysis.
Western blot analysis. Cells were rinsed twice with ice-cold PBS and scraped off, whole cell protein samples were prepared by lysing cells in a buffer composed of 1X PBS (pH 7.4), 1% (vol/vol) nonidet P40, 0.5% sodium dexoycholate, 0.1% SDS, 1 mM phenylmethylsulfonyl fluoride (PMSF), 20 μg/ml aprotinin, and 25 μg/ml leupeptin for 30 min at 4˚C. After the denaturation, equal amounts of the protein extracts were resolved by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to a PVDF membrane. After blocking the membrane with buffer containing 20 mM Tris-HCl (pH 7.5), 140 mM NaCl and 5% nonfat milk for 2 h at room temperature, it was subsequently incubated with primary antibodies of anti-CD44, MMP2, P53, P16, VEGF (Santa Cruz Biotech) and MAG-2 for ~1 h at room temperature, followed by washes and treatment with relevant horseradish peroxidase-labeled secondary antibody (Zhongshan Biotech, Beijing, P.R. China). These blots were developed using a chemiluminescent detection system (Santa Cruz Biotech). After stripping, the membrane was re-probed with an anti-ß-actin antibody to control for equal protein loading and protein integrity.
Statistical analysis. All results were expressed as the means ± SD (SE) of data obtained from three independent experiments performed in triplicate. Statistical significance was determined by the Student's t-test, general liner model process, ANOVA or Fisher's exact test of SPSS 13.0 software. The level of significance was set at P<0.05.
Results
Physiological location of MAG-2 protein intercellular and expression profile of the gene in human multi-tissues.
The ONCOLOGY REPORTS 21: 697-706, 2009 endogenous MAG-2 protein in PLA801D cells were visualized by immunofluorescence staining under laser scanning confocal microscope, as shown in Fig. 1Aa -c, the granulated protein of MAG-2 was seen dispersed in the entire cell including cytoplasm and nucleoplasm, but MAG-2 was not detected in the culture supernatant of either PLA801C or PLA801D by Western blotting (data not show), suggested a non-secreted character of the protein. To exclude it being an artificial phenomenon, we repeated the fluorescence dyeing using HepG2 cells and obtaines similar results as in PLA801D (Fig. 1Ad-f) . In MTE dot hybridization analysis, MAG-2 mRNA was found expressed maximally in the nigra, salivary gland and at a lower level in the cardiac apex, left ventricle, pancreatic gland, bladder, jejunum and amygdale of adult tissue (Fig. 1B, lanes 1-9) . In fetal tissues (Fig. 1B, lane 11) , the messenger for MAG-2 was found in the liver, spleen and at a much lower level in heart and kidney but not in the brain, lung and thymus. Specificity of the probe was confirmed by the absence of signal in the control samples (Fig. 1B,  lane 12) .
Effects of MAG-2 on cells anchorage-independent growth, adherence, mobility and invasion.
To verify the MAG-2 effects on metastasis-related behavior in vitro, a MAG-2 hyperexpression PLA801C strain (termed as CMAG2+) and a hypoexpression PLA801D (termed as DMAG2-) were established by transfecting recombinant plasmids pcDNA3.0/MAG2S and pcDNA3.0/MAG2AS to PLA801C and D, respectively. The exogenous enhancement and inhibition of MAG-2 expression in transfected cell strains were confirmed by RT-PCR ( Fig. 2A) . Densitometric analysis of the bands indicated that mRNA level of MAG-2 in CMAG2+ was 7 times more than that of Cvector, whereas in DMAG2-, anti-sense plasmid reduced the MAG-2 mRNA level by 60%. Cell strains 701 Figure 2 . Effects of MAG-2 on the anchorage-independent growth capability, ECM adherence, mobility, invasion and proteins concentration related to tumor metastasis. PLA801C and D cells were transfected with sense and anti-sense MAG-2 vectors respectively, as show in (A), mRNA level of MAG-2 in CMAG2+ had elevated ~7 times, whereas in DMAG2-, MAG-2 mRNA was depressed by anti-sense vector by 60%. Then metastatsis-related characteristics of the four stable transfected cell strains, Cvector (Cv), CMAG2+ (CM2+), Dvector (Dv) and DMAG2-(DM2-) were evaluated. Anchorage-independent growth capability was determined by clonogenetic assay in soft agar as described in the Materials and methods. The data were analyzed by ANOVA process of SPSS, as shown in (B), no significant difference between CMAG2+, DMAG2-and their controls was observed, but notable difference on clone forming capability existed between the strains D and C (Cvector vs. Dvector: F=147.7, P<0.01). (C) The results of cell-EMC adherence assay. Significant differences of CMAG2+ vs. Cvector (F=4.847, P=0.049) and DMAG2-vs. Dvector (F=4.847, P=0.017) were verified by using the repeated measures process of SPSS13.0 statistical software. Lines are drawn between points only for the sake of clarity, as the adherence ability association between time points is not linear. Results of wound healing migration assay are depicted in panels (D) and (E). Cells were seeded at the same density and grown as monolayer and wounded by sterilized tip. %Wound healing was recorded at different time points, and percentage of wound healing with respect to T0 was calculated using the described equation. The invasion analysis was done using Matrigel-coated invasion chamber assays with 1x10 5 model cells per 24-well plate. After data being analyzed by method of Student's t-test, significant differences between each paired test-control cells were drawn, as showed in panel (F). Panels (G) depicts MAG-2 effects on intracellular level of certain proteins analyzed by Western blotting. MMP-2, CD44 and especially the active MMP-2 have positive correlation with MAG-2 gene expression level, as shown in (H). All data presented in panels (B) to (F) are expressed as mean ± SD (SE), from three independent experiments performed in triplicate, in panels (A) and (H) error bar stand for SD of each sample was measured in triplicate. Significant difference from the control is represented by asterisk (relevant P-values are marked on each panel).
level of significance, but significant differences existed between strain C and D (Cvector vs. Dvector: F=147.7, P<0.01) (Fig. 2B) .
Interaction between cell and ECM is the fatal aspect of all the steps included in the metastatic process, adhesive capacity changing in cell-cell and cell-ECM in the tumor nests are the initiation of invasion (17) . Results from our cell-ECM adherence assay studies show that MAG-2 had adherence promoting function in lung cancer cells (Fig. 2C) The effect of MAG-2 on cell migration was analyzed using wound healing tests. A significant (vs. Cvector: F=136.1, P<0.001) increase in wound healing (%) was observed in MAG-2 hyper-expressional CMAG2+ cells comparing with control cells at 24 and 48 h after wounding. At the same time, healing ability of DMAG2-cells, whose MAG-2 expression was partly blocked by anti-sense mRNA, were found much lower (vs. Dvector: F=136.1, P<0.001) than vector control cells ( Fig. 2D and E) .
MAG-2 was also proven to be a stimulative of lung cancer cell invasion in our studies. The invasion analysis was done using Matrigel-coated invasion chamber assays with CMAG2+, DMAG2-and their vector control cells (1x10 5 cells per well of 24-well plate). We found that excessive expression of extra-generational MAG-2 in PLA801C cells would lead to a more aggressive C strain. Accordingly, invasion of PLA801D cells was restrained if the gene MAG-2 mRNA level dropped. Statistical evaluation of the data, comparing the number of penetrating cells of each tested cell type with its control, using Student's t-test, showed that the difference on invasion property was significant at P=0.006 between Cvector and CMAG2+, and at P<0.001 between Dvector and DMAG2-cells (Fig. 2F) .
Effects of MAG-2 on proteins involved in invasion and metastasis.
In order to investigate the mechanism by which MAG-2 stimulates cell invasion, we tested certain proteins, which was previously reported to be involved in cell invasion and metastasis, including MMP-2, CD44 and nm23H1 by Western blot assay ( Fig. 2G and H) . Bands densitometric analysis indicated that excessive expression of MAG-2 leads to a significant elevation in the level of MMP-2 (~1.6 times vs. control), especially the activated MMP-2 (~10.9 times vs. control). We also found that CD44 level in CMAG2+ was 3.3 times higher than that of control cells, which strongly suggested that MAG-2 has the function of cell-ECM adherence promoting by elevating CD44 concentration. In accordance with the results from PLA801C strain, we observed that MMP-2 and CD44 were markedly depressed in DMAG2-cells caused by partial inhibition of the MAG-2 expression with anti-sense mRNA in PLA801D cell strain. We found that the variation of MAG-2 mRNA had no effect on VEGF, P16 and nm23H1. Moreover, protein p53 was proven to be reduced in CMAG2+ but no corresponding elevation was detected in DMAG2-, which might be due to the difference on chromosome 17 (on which the p53 gene located) between PLA801D and C strains (12) .
Effects of MAG-2 on intracellular free calcium concentration.
Previous in vitro and in vivo studies have suggested that calcium signalling is involved in virtually all cellular processes of cancer cells, including invasion and metastasis (18, 19) . To validate the influence brought by MAG-2 on calcium variation in cells, we measured the concentration of free intracellular calcium ([Ca 2+ ]i) in the cells by the methods of fluo 3-Am fluorescent probe staining (Fig. 3A) . Results of the analysis showed that overexpression MAG-2 stimulated a significant increase of [Ca 2+ ]i in PLA801C cells (t=2.794, P=0.049), whereas in the DMAG2-cells, reduced MAG-2 transcripts led to a lower [Ca 2+ ]i level than in the Dvector cells (t=7.919 P<0.001) (Fig. 3B) . Changes in the cytosolic-free Ca 2+ concentration may be due either to release from the intracellular Ca 2+ stores or to influx from the extracellular medium, through the opening of plasma membrane calciumpermeable channels.
Altering of mobility, invasion, adherence characteristics and [Ca 2+ ]i in PLA801D cells with MAG-2 knockdown by RNA interference.
Previous studies have stated (20) (21) (22) that RNA interference, which produced double-stranded RNA (dsRNA) <30 nucleotides intracellular, is a more appropriate technique than full-length or big fragment antisense mRNA introducing when silencing a certain gene. In order to exclude the possible side effects caused by dsRNA (longer than 80 nucleotides) through PKR (RNA-dependent protein kinase) activation, RNA interference technique was employed to knock-down the MAG-2 genes in PLA801D cells. Three oligonucleotides, MS1, MS2 and MS3 were synthesized and cloned into the multiple cloning sites of pSilencer 2.1-U6, then reconstructed vectors were introduced into PLA801D cells, respectively. mRNA and protein level of MAG-2 were assayed in cell strains, D-MS1, D-MS2, D-MS3 (termed corresponding to different oligonucleotides introduced), D-MSn (vector control) and PLA801D. As shown in Fig. 4A , MS1 was the most efficient silencer of MAG-2 gene in all three sequences.
Thereafter, the mobility and invasive properties of D-MS1 were analyzed in vitro using the methods of Transwell system. Results demonstrated that the capabilities of D-MS1 cells on mobility and invasion were significant reduced by 50.7% and 48.3%, respectively, comparing with that of vector control cells (Fig. 4B and C, using 5x10 4 cells per well of 24-well plate). Adherence ability of D-MS1 cells was also tested by the method described in Kumagai et al (23) . Cells (seeded in 96-well culture plate at an concentration of 2.0x10 4 cells/well) were incubated at 37˚C for 1 h and stained by 3-(4,5)-dimethylthiahiazo (-z-y1)-3, 5-di-phenyltetrazolium bromide (MTT) after nonattached cells were removed by washing with PBS. As shown in Fig. 4D , the absorbency value of (Fig. 3C) .
Expression of MAG-2 in tumor tissue from lung cancer patients with or without pathologically proven metastasis.
To verify the correlation between MAG-2 transcription and metastatic situation of lung cancer clinically, we then measured mRNA levels of MAG-2 in tumor tissues from 24 lung cancer patients using RT-PCR assay. All patients' diseases were confirmed by pathological diagnosis. Among those patients, twelve had metastatic lesions in distance organs intra-or post-operation, whereas the others did not. The RT-PCR analysis was able to distinguish between patients with metastatic foci and those without for MAG-2 mRNA expression in cancer tissues of 10/12 versus 3/12, P=0.006, by Fisher's Exact test (Fig. 5) .
Discussion
Although research on transcriptome (17) and interaction between cancer cells and host normal cells (24) have uncovered new, unexpected insights into the mechanism of metastasis, traditional studies, which had identified several required steps and a rational list of genes (and proteins) mediating each, are still one of vital aspects on exploring this last and lethal step in tumor progression as per the theory of 'seed and soil' (6). MAG-2 was initially selected as the homological full-length cDNA of a fragment of SSH library, which was constructed using two sister giant-cell lung carcinoma cell strains with different metastasis potential in our laboratory, and MAG-2 was proved to have a much higher mRNA level in highly metastatic lung cancer cell strains than poorly metastatic cells by Northern blotting (9, 13) .
The MAG-2 gene has a length of 5.2-k base pairs, locates on chromosome 2q35 and is well homologous to FAM134A (family with sequence similarity 134, member A) in GenBank; its 2.4-kbp cDNA sequence is assembled by 9 exons (Fig. 6A) frame (ORF) of 1539 nucleotides encoding a protein of 512 amino acids with an approximate molecular mass of 55 kDa, which was proved to be true in Western blotting (15) . A Proline-rich region in C-terminal, seven repeats of sequence PXXP and tens of possible phosphorylation or N-myristoylation sites were found after scanning the protein sequence by web-based software of protein domains, families and functional site finder: ScanProsite (available from URL: http://www. expasy.org/prosite/) and ProfileScan (available from URL: http://hits.isb-sib.ch/cgi-bin/motif_scan) (Fig. 6B) . In RNA blot assay, we observed MAG-2 mRNA transcription in many kinds of adult and fetal tissues, and we also found that MAG-2 protein has pan-cellular location in cancer cells by immunofluorescence. Therefore, MAG-2 was proven to be a genuine gene with derived mRNA and peptide sequence rather than a hypothetical gene predicted by bioinformatics.
We demonstrated that MAG-2 plays important roles in promoting tumor metastasis in our experimental model: overexpression of MAG-2 leads to an enhancement of migration, invasion and adherence to ECM, and reduction of MAG-2 leads to suppression of those capabilities. We also proved in our study that MAG-2 could elevate the protein level of CD44 and MMP-2 intracellularly, which could be one of the molecular mechanisms underlaying the invasion, mobility and ECM adherence promoting characteristics of MAG-2. As a transmembrane glycoprotein, CD44 was found in a wide variety of tissues and its known functions, including cellular adhesion (aggregation and migration), hyaluronate degradation, lymphocyte activation, lymph node homing, myelopoiesis and lymphopoiesis, angiogenesis, and release of cytokines, were well reviewed by Sneath and Mangham (25) .
Increased expression of CD44 can enhance binding to hyaluronate and a pericellular matrix of hyaluronate might decrease the affinity of a cell to surrounding hyaluronate deficient cells by interfering with adhesion processes, thus leading to detachment; the first step of metastasis. Since linked to the cell's cytoskeleton (26) , CD44 could initiate a series of biochemical activities intracellularly after binding to hyaluronic acid (HA), finally the CD44-HA binding would lead to enhancement of cell mobility characteristics (27, 28) , and the property of CD44 to degrade hyaluronate after taking up the ligand could allow tumor cells to escape entrapment within hyaluronate-rich environments, thus cells could move from one place to another by this CD44-HA binding and degrading circulation (29) . Furthermore, CD44 was also found to have positive interaction with MMP-2, a fully documented migration facilitating molecule, in many types of lung cancer cell lines (30) (31) (32) , thus, CD44 and MMP-2 have mutual promoting effects on cell migration, these effects might also exist in our model of cell line PLA801 and be the reason for MAG-2 function.
As previously discussed, MAG-2 contains a proline-rich domain with abundant proline residues (26%), a feature found in many proteins that play an indispensable role in mediating a multitude of protein-protein interactions (33) . MAG-2 also contains 7 repeats of the sequence PXXP. This motif has been shown to play a role in signal transduction by interacting with SH3 domain containing proteins (34) , and the presence of this motif in MAG-2 suggests that the protein might function as a binding protein of SH3 domain-containing proteins and could be involved in regulation or modification of these binding partners, many of which play important roles in signal transduction pathways (35) . The two types of structure, proline-rich sequences and PXXP motif might be the molecular basis of the effect on CD44 and MMP-2 brought by MAG-2 directly or indirectly.
We verified that intracellular-free calcium concentration had the same vibrating trend with MAG-2 mRNA level, which suggested that MAG-2 might have influence on the intracellular calcium. Calcium ions are involved in virtually all cellular processes spatially and temporally; among others, they control cell survival, proliferation and apoptosis, regulate a plethora of intracellular enzymes located in the cytoplasm, nucleus and organelles, and influence cell polarization and locomotion (19, 36) . Some research has demonstrated that highly metastatic tumor cells have a much higher free intracellular calcium concentration and lower regulating capability on [Ca 2+ ]i than poorly metastatic tumor cells, as concluded in our experiments. These data suggested that distinct calcium ion regulatory mechanisms were present in poorly and highly metastatic cells (37-39).
The differences on regulation of certain low voltageactivated and nonvoltage-gated channels on the cell periphery might be one of the reasons for such diversity of calcium level between cells with different metastatic potential (19) . Ca 2+ wave, which was caused by rapid influx of calcium extracellular through the two types of channels and which travel on the periphery of cytoplasm, more exactly, the biochemical effects on intermediate filaments brought by Ca 2+ wave might be the mechanisms in cell migration regulated by calcium (19, 38) . Moreover, FAM134A proteins are transmembrane or integral proteins to membrane (http:// www.ncbi.nlm.nih.gov) and have interactions with KIAA1377, a protein with protein-binding function (40, 41) . Consequently, interaction directly or indirectly with component of ion channel of calcium could be a reason for intracellular calcium concentration increase caused by MAG-2. Therefore, we hypothesized that MAG-2 could elevate Ca 2+ ion concentration in model cells through proteinprotein interaction and that might be another approach besides interaction with CD44 and MMP-2 by which MAG-2 demonstrate its migration-promoting function, but the detailed aspects need further research.
In addition to cytological experiments, we also found that MAG-2 mRNA has a significantly high positive rate in the tumor tissues from lung cancer patients with diagnosed metastasis comparing with the rate in tissues from non-metastatic patients by RT-PCR. All the little tissue blocks of lung cancer used for total RNA extraction were selected carefully by pathologist, to make sure that the results of RT-PCR was bona fide reflections of MAG-2 transcription in tissues of different metastatic state. The results from tissue are more reliable due to less artificial disturbance. Therefore, the clinical results could give support to such a conclusion that the expression of MAG-2 gene has a positive correlation with metastasis characteristics of lung cancer. MAG-2 was identified as a metastasis promoting gene in our laboratory, but the detailed mechanism by which it is involved in the metastasis process is still undefined, further study is needed to search for the molecules which have direct interaction with MAG-2 protein and address the potential biochemical function of MAG-2 in lung cancer cells.
